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TITLE OF THE INVENTION 

SWITCHING POWER SUPPLY CONTROLLER AND SWITCHING 

POWER SUPPLY 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a 

switching power supply controller and a switching power 
supply - 

Related Background Art 

[0002] A switching power supply has such 

properties as small size, light weight, and high 
efficiency and is commonly used as a power supply for 
microcomputers as incorporated in various devices, 
personal computers, and so on. These personal 

15 computers and others are progressively advancing toward 

lower voltage and higher processing speed, while 
increasing the consumption current more and more- In 
the switching power supply, therefore, the load current 
suddenly increases or decreases according to the 
20 processing load in the personal computers and others. 

The switching power supply possesses the property of 
capability of readily adapting to a wide input voltage 
range and is also utilized as a power supply applicable 
in several countries in the world or as a power supply 
25 with a wide specification setting of input voltage. 

The switching power supply needs to keep its output 
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voltage constant so as to provide a target voltage 
according to the load of the personal computer or the 
like, in order to operate the personal computer or the 
like stably, and thus needs to insure the stable output 
5 voltage against change of the load current and input 

voltage. Furthermore, even if the output voltage is in 
a transient response state to a sudden change of the 
load current or the input voltage, the switching power 
supply must recover quickly into a stable state. 
10003] For this reason, the switching power supply 

is equipped with a controller such as a controller IC 
[integrated Circuit] or the like of a digital control 
system, and this controller quickly turns switching 
elements such as FETs [Field Effect Transistors] or the 
like on and off. In order to keep the output voltage 
constant, the controller adopts the feedback control 
based on voltage mode control or current mode control 
to generate a PWM (Pulse Width Modulation] signal for 
turning the switching elements on and off on the basis 
of the output voltage or the like of the switching 
power supply. 

[0004] For example, where the control is based on 

the current mode control by P [Proportional] control, 
the controller compares a current signal resulting from 
detection of an electric current flowing through an 
inductor of a smoothing circuit, with a target current 
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signal and generates the PWM signal to provide a high • 
signal during a period" before the inductor current 
signal reaches the target current signal, and then 
provide a low signal during a period thereafter. In 
the current mode control, as described, the loaghitude 
of the electric current flowing through the inductor is • 
controlled based on the detected value of the current 
flowing through the inductor and the target value, 
thereby impl^nenting the control to keep the output 
voltage constant. The target current signal is a 
signal obtained by subtracting the output voltage 
detected in the switching power supply, from the target 
voltage and multiplying the difference by a gain of P 
control - 

J 5 [0005] The current mode control as described above 

can be implemented in either of digital control and 
analog control. In the digital control system, the 
output voltage and inductor current need to be 
subjected to A/D conversion from an analog signal to a 
digital signal, and then their digital signals are fed 
into the controller. Therefore, where the current mode 
control is implemented by the digital control, tbe 
inductor current increases or decreases according to 
fast on/off of the switching elements, and thus the A/D 
conversion causes values of digital signal after the 
conversion to lag behind values of actual current, thus 
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producing error from the actual current. For this 
reason, the controller performs the comparison process, 
using the inductor current containing the time lag due 
to the A/D conversion, so that it fails to produce the 
PWM signal corresponding to the electric current 
actually flowing through the inductor. In this manner, 
the error due to the lag can be a factor to adversely 
affect the switching power supply required to 
demonstrate stable fast response. In this connection 
there is a controller configured to estimate the 
inductor current from the PWM signal generated inside 
the controller, instead of the digital signal (real 
current) after the A/D conversion, and perform the 
current mode control through the use of the estimated 
current ( JP-A-2002-530036) . In the technology 

described in this patent document, the estimated 
current is generated by estimating the electric current 
flowing through the inductor in the voltage regulator, 
and the output voltage of the voltage regulator is 
controlled constant on the basis of the estimated 
current . 

SUMMARY OF THE INVENTION 

[0006] However, since the estimated current is 

generated without taking account of the influence from 
various loads in the circuit of the switching power 
supply, it includes a large DC component relative to 



4 



FP04-O029-0b 



10 



15 



20 



25 



the actuail inductor current, so as to produce error 
between the estimated current and the real current, 
which results in failure in generating the PWM signal 
with a high degree of accuracy. In the technology 
described in the above patent document, therefore, a 
current detector is provided in order to overcome the 
error, the electric current flowing through the 
inductor is detected by this current detector, and the 
value of the estimated current is corrected to the 
.value of real current twice per switching period, based 
on the real current detected by the current detector - 
Namely, the technology described in the above patent 
document requires the provision of the current detector 
for the correction of the estimated current. It also 
necessitates the means for detecting the current of the 
inductor, for executing the current mode control using 
the actual inductor current. For this reason, while 
there are demands for compact size and light weight, 
the switching power supply needs to have the current 
detecting means in the current mode control, as 
compared with the voltage mode control, and thus 
becomes larger and more complex in the circuit 
configuration . 

[00071 It is, therefore, an object of the present 

invention to provide a switching power supply 
controller and a switching power supply capable of 
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implementing the current mode control without need for 
the inductor current detecting means and achieving a 
more simplified configuration of the switching power 
supply in digital control. 
5 [0008] A switching power supply controller 

according to the present invention is a switching power 
supply controller comprising: control signal setting 
means for setting a control signal on the basis of an 
output voltage digitally converted in a switching power 

10 supply and a target voltage; current estimating means 

for estimating an electric current flowing through an 
inductor of a smoothing circuit in the switching power 
supply/ on the basis of a drive signal for controlling 
a switching element of the switching power supply, and 

15 for generating an estimated current signal; DC 

component removing means for extracting a DC component 
included in the estimated current signal estimated by 
the current estimating means and for removing the DC 
component from the estimated current signal; DC 

20 component resetting means for resetting the DC 

component extracted by the DC conqponent removing means r 
every predetermined time; and comparing means for 
comparing the control signal set by the control signal 
setting means, with the estimated current signal after 

25 the removal of the DC component by the DC component 

removing means, and for detecting whether the estiiaated 
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current signal after the removal of the DC component 
reaches the control signal. 

[0009] In order to control the output voltage to 

the target voltage by the feedback control based on the 
current mode control, the switching power supply 
' controller receives the output voltage from the 
switching power supply after the A/D conversion and 
generates the control signal from the output voltage 
and the target voltage by the control signal setting 
means. In the controller, the drive signal is fed back 
to the current estimating means, and the current 
estimating means estimates the inductor current in the 
switching power supply on the basis of the drive signal 
to generate the estimated current signal. Furthermore, 
in the controller the DC component removing means 
extracts the DC component from the estimated current 
signal and removes the DC component from the iestimated 
current signal. On this occasion, in the controller 
the DC component resetting means resets the extracted 
DC component every predetermined time. In the 

controller, thereafter, the comparing means receives 
the estimated current signal after the removal of the 
DC component and the control signal and compares the 
estimated current signal after the removal of the DC 
25 component with the control signal, to determine whether 

the estimated current signal after the removal of the 
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DC component reaches the control signal. Then, in the 
controller the drive signal is generated so as to 
provide a signal to turn the switching element on 
during the period before the estimated current signal 
after the removal of the DC component reaches the 
control signal and a signal to. turn the switching 
element off in the period thereafter. In this manner, 
since this controller is configured to generate the 
estimated current signal from the drive signal 
generated in the controller and perform the current 
mode control using this estimated current signal, there 
occurs no process lag due to the A/D conversion. In 
addition, since the controller is configured to extract 
the DC component from the estimated current signal and 
use the estimated current signal after the removal of 
the DC component, it can reduce the difference of the 
DC component from that of the actual inductor current. 
Particularly, since the controller is configured to 
reset the extracted DC component every predetermined 
time, it can reset the DC component accxxmulated . in the 
DC con^^onent removing means. Therefore, the 

controller, which is not provided with the means for 
detecting the inductor current, is able to perform the 
current mode control based on the estimation of the 
inductor current, obtain the highly accurate estimated 
current, and generate the drive signal with a high 
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degree of accuracy. In passing^ if the accumulated DC 
component should not be reset, the estimated current 
signal would become infinitely large, and the 
controller would fall into an uncontrollable state. 
5 [0010] The drive signal is a signal for switching 

the switching element of the switching power supply on 
and off, e.g., a PWM signal. The control signal is a 
signal for effecting the feedback control based on the 
current mode control, signal based on the output 

10 voltage actually detected in the switching power 

supply, and the target voltage, and signal fed into the 
comparing means and compared with the estimated current 
signal after the removal of the DC component. The 
estimated current signal is a signal for effecting the 

15 feedback control based on the current mode control, and 

estimated signal of the inductor current of the 
switching power supply on the basis of the drive 
signal. The predetermined time is a time indicating a 
time interval for resetting the DC component extracted 

20 in the DC component removing means^ and is set ±n 

consideration of the capacitance of an output-side 
capacitor in the switching power supply # the zero- cross 
frequency in the controller, and so on. 

[0011] The above switching power supply controller 

25 of the present invention may be configured so that the 

DC component removing means comprises: a low-pass 
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filter for extracting the DC component from the 
estimated current signal; and a subtracter for 
subtracting the DC component extracted by the low-pass 
filter, from the estimated current signal generated by 
5 the current estimating means . 

[0012] This switching power supply controller 

comprises the digital low-pass filter and s\jA>tractor as 
a specific configuration of the DC component removing 
means. In the controller the low-pass filter extracts 
10 the DC component from the estimated current signal and 

the subtracter subtracts the extracted DC component 
from the estimated current signal. 

[0013] The above switching power supply controller 

of the present invention may also be configured so that 
15 the DC component resetting means feeds a reset signal 

to the low-pass filter and resets an output from a 
delay device of the low-pass filter every predetermined, 
time- 

[0014] This switching power supply controller is 

20 config\ared to feed the reset signal to the low-pass 

filter and reset the output from the delay device of 
the low-pass filter in accordance with this reseit 
signal, thereby resetting the DC con^jonent being the 
output of the low-pass filter. In this manner, where 
25 the DC component is extracted by the digital low-pass 

filter, the controller is able to easily reset the DC 
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component by feeding the reset signal to the low-pass 
filter. 

100151 The reset signal is a signal for resetting 

the DC component extracted by the low-pass filter, in 
which a signal for resetting it every predetermined 

time is iset. 

[00161 In the above switching power supply 

controller of the present invention, preferably, the 
predetermined time is an integral multiple of a period 
of the drive signal. 

[0017] In this switching power supply controller, 

the predetermined time for resetting of the DC 
component is set to be the integral multiple of the 
period of the drive signal, whereby means for setting 
the predetermined time can be simply configured, for 
example, by a counter for counting the number of cycles 
of the drive signal. 

[00181 The above switching power supply controller 

of the present invention may be configured so that the 
current estimating means comprises an up-down counter 
for counting up every given time on the basis of an up 
coefficient during an on period of the switching 
element in the drive signal and for counting down every 
given time on the basis of a down coefficient during an 
off period of the switching element in the drive 
signal . 
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10019] This switching power supply controller 

comprises the up-down counter as a specific 
configuration of the current estimating means. In this 
controller, the drive signal is fed back to the up-down 
counter, and the up-down counter counts the on period 
of the switching element in the drive signal up 
according to the up coefficient every given time of a 
master clock or the like in the controller, and counts 
the off period down according to the down coefficient 
every given time, to generate the estimated current 
signal. In the controller, as described above, the 
current estimating means can be readily configured by 
the up-down counter. 

10020] The up coefficient is a coefficient 

indicating an increase rate of the electric current 
flowing through the inductor of the smoothing circuit 
in the switching power supply during the on period of 
the switching element in the drive signal, and is set 
based on parameters of respective devices in the 
smoothing circuit, the given time in the counting, and 
so on. The down coefficient is a coefficient 
indicating a decrease rate of the electric current 
flowing through the inductor of the smoothing circuit 
in the switching power supply during the off period of 
the switching element in the drive signal, and is set 
based on the parameters of the respective devices in 
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the smoothing circuit, the given time in the counting, 
and so on • 

[0021] Another switching power supply controller 

according to the present invention is a switching power 
supply controller coinprising: drive signal generating 
means for generating a drive signal to be outputted to 
a switching power supply; pulse signal outputting means 
for outputting a pulse signal having a predetermined 
level value corresponding to an output level of the 
drive signal generated by the drive signal generating 
means; high-pass filter means for removing a DC 
component included in the pulse signal outputted by the 
pulse signal outputting means ; and integrating means 
for integrating a signal resulting from the removal of 
the DC component by the high-pass filter means, wherein 
the drive signal generating means generates the drive 
signal on the basis of signals indicating an output 
voltage of the switching power supply and a target 
voltage for the output voltage and on the basis of a 
signal resulting from the integration by the 
integrating means. 

[0022] In this switching power supply controller, 

the pulse signal outputting means outputs the pulse 
signal with the predetermined level value corresponding 
to the output level of the drive signal, and thus it is 
able to output the pulse signal, for example. 
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corresponding to level values indicating slopes in 
increase and in decrease of the estimated current. The 
high-pass filter means removes the DC component from 
the pulse signal and the integrating means integrates 
the signal after the removal of the . DC component 
whereby the signal after the integration (e.g., the 
estimated current signal) can be prevented from 
diverging because of the influence of the DC component 
and whereby the error due to the influence of the DC 
component can be minimized. This yields the signal 
after the integration (e.g., the estimated current 
signal) as a signal closer to the real current. Since 
the drive signal is generated based on the signal as 
described above, it becomes feasible to perform the 
control closer to the current mode control using the 
real oirrent, and the switching power supply required 
to have quic)c response, can be made to perform stabler 
constant voltage control. 

[0023] In the above switching power supply 

controller of the present invention, preferably, the 
high-pass filter means is a second or higher-order 
high-pass filter. This configuration permits the 
switching power supply controller to remove the DC 
component more certainly. 
25 [0024] Still another switching power supply 

controller according to the present invention is a 
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switching power supply controller comprising: drive 
signal generating means for generating a drive signal 
to be outputted to a switching power supply; pulse 
signal outputting means for outputting a pulse signal 
Having a predetermined level value corresponding to an 
output level of the drive signal generated by the drive 
signal generating means; and calculation means 
integrally having a function of integrating the pulse 
signal outputted by the pulse signal outputting means 
and a high-pass filter function of removing a DC 
component from the pulse signal, wherein the drive 
signal generating means generates the drive signal on 
the basis of signals indicating an output voltage of 
the switching power supply and a target voltage for the 
output voltage and on the basis of a signal resulting 
from calculation by the calculation, means . 
[0025] in this switching power supply controller/ 

the pulse signal outputting means outputs the pulse 
signal with the predetermined level value corresponding 
to the output level of the drive signal and thus it is 
able to output the pulse signal, for example, 
corresponding to level values indicating the slopes in 
increase and in decrease of the estimated current. 
Since the pulse signal with the predetermined level 
value is calculated by the calculation means integrally 
having the function of removing the DC component and 
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the integrating function, the signal after the 
calculation (e.g.. the estimated current signal) can be 
prevented from diverging because of the influence of 
the DC component and the error due to the influence of 
the DC component can be minimized- This yields the 
signal after the integration (e.g., the estimated 
current signal) as a signal closer to the real current. 
Since the drive signal is generated based on the signal 
as described above, it becomes feasible to perform the 
control closer to the current mode control using the 
real current, and the switching power supply required 
to have quick response, can be made to perform stabler 
constant voltage control. 

[0026] In the above switching power supply 

controller of the present invention, preferably, the 
calculation means is configured based on a transfer 
function H(Z) of the calculation means defined as 
follows: H(Z) = l/(l-b*Z-M or H(Z} = (l-Z^M/Cd- 
bl*Z"^) (l-b2*Z"^) ] (b, bl, and b2 are coefficients). 
[0027] Still another switching power supply 

controller according to the present invention is a 
switching power supply controller comprising: drive 
signal generating means for generating a drive signal 
to be outputted to a switching power supply; pulse 
signal outputting means for outputting a pulse signal 
having a predetermined level value corresponding to an 
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output level of the drive signal generated by the drive 
signal generating means; a first high-pass filter for 
removing a DC con5>onent included in the pulse signal 
outputted by the pulse signal outputting means; 
5 integrating means for integrating a signal resulting 

from the removal of the DC component by the first high- 
pass filter; and a second high-pass filter for removing 
a DC component included in a signal resulting from the 
integration by the integrating means, wherein the drive 
10 signal generating means generates the drive signal on 

the basis of signals indicating an output voltage of 
the switching power supply and a target voltage for the 
output voltage and on the basis of a signal resulting 
from the removal of the DC component by the second 
15 high-pass filter. 

[0028] In this switching power supply controller, 

the pulse signal outputting means outputs the pulse 
signal with the predetermined level value corresponding 
to the output level of the drive signal and it is thus 
20 able to output the pulse signal, for example, 

corresponding to level values indicating slopes in 
increase and in decrease of the estimated current. The 
first high-pass filter and second high-pass filter 
remove the respective DC components before and after 
25 the integration of the signal by the integrating means, 

whereby the DC con^nent is removed more certainly. 
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Therefore, the signal output ted by the second high-pass 
filter (e.g., the estimated current signal) can be 
prevented from diverging because of the influence of 
the DC component, and the error due to the influence of 
the DC component can be minimized. This yields the 
signal after the integration (e.g., the estimated 
current signal) as a signal closer to the real current. 
Since the drive signal is generated based on the signal 
as described above, it becomes feasible to perform the 
control closer to the current mode control using the 
real current, and the switching power supply required 
to have quick response, can be made to perform stabler 
constant voltage control. 

[0029] In the above switching power supply 

controller of the present invention, preferably, the 
first high-pass filter and the second high-pass filter 
are first-order high-pass filters. This simplifies the 
circuit configuration more. 

[0030] In the above switching power supply 

controller of the present invention, preferably, the 
drive signal generating medns comprises: conqparing 
means for comparing a signal indicating a difference 
between the output voltage and the target voltage, with 
the signal resulting from the removal of the DC 
component; and switching means for switching the level 
of the drive signal from a low level to a high level at 
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a predetermined interval and for switching the level of 
the drive signal from the high level to the low level 
on the basis of a result of the comparison by the 
comparing means. This permits the controller to 
control a period in which the level of the drive signal 
is the high level, based on the result of the 
comparison between the difference signal between the 
output voltage and the target voltage, and the signal 
with less, error after the removal of the DC component- 
[0031] A switching power supply according to the 

present invention is a switching power supply 
comprising: a controller for generating a drive signal 
for switching control of a switching element by digital 
control; and a switching element configured to turn on 
and off based on the drive signal generated by the 
controller, wherein the controller is any one of the 
above-described controllers. 

[0032] The switching power supply is configured so 

that the controller is constructed in the configuration 
of one of the above controllers and the switching 
element is switched on and off by the drive signal 
generated based on the estimated current signal 
estimated from the drive signal. In this switching 
power supply, the input voltage is converted into the 
output voltage by on/off of the switching element so as 
to achieve the target voltage. Thanks to the control 
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by the above controller/ the switching power supply is 
able to switch the switching element on and off by the 
feedback control based on the current mode control/ 
without need for the means for detecting the inductor 
5 current* 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] Fig. 1 is an illustration showing a 

configuration of a DC-to-DC (DC/DC) cpnverter according 
to an embodiment of the present invention. 
10 [0034] Fig. 2 is a circuit diagram showing a 

circuit configuration of the controller IC according to 
the first embodiment. 

[0035] Fig. 3A is a circuit diagram showing a 

detailed circuit configuration of an up-rdown counter in 

15 Fig. 2. Fig. 3B is a circuit diagram showing a 

detailed circuit configuration of a filter in Fig. 3A. 
[0036] Fig. 4 is an illustration to illustrate 

generation of the estimated current signal in the up- 
down counter in Fig. 2, wherein (a) represents a master 

20 clock/ (b) a PWM signal/ (c) a select signal/ and (d) 

the estimated current signal. 

[0037] Fig. 5 is a circuit diagram showing the 

detailed circuit configuration of a low-pass filter in 
Fig. 2. 

25 [0038] Fig. 6 is a timing chart of intermittently 

removing the DC component from the estimated current 
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signal in the controller IC of Fig. 2 (where the DC 
component is larger than 0) , wherein (a) represents the 
PWM signal/ (b) the estimated current signal and DC 
component, (c) a reset signal, and (d) the estimated 
current signal after removal of the DC coriMponent, and a 
control signal . 

[0039] Fig. 7 is a timing chart of intermittently 

removing the DC component from the estimated current 
signal in the controller IC of Fig. 2 {where the DC 
component is not more than 0), wherein (a) represents 
the PWM signal/ (b) the estimated current signal and DC 
component/ (c) the reset signal, and (d) the estimated 
current signal after removal of the DC component, and 
the control signal. 

[0040] Fig. 8 is an illustration to illustrate the 

reason why the DC component is accumulated in the 
estimated current signal. 

[0041] Fig. 9 is an illustration to illustrate the 

current mode control in the controller IC of Fig. 2, 
wherein (a) represents the control signal, and the 
estimated current signal after the removal of the DC 
component, (b) a comparator signal, (c) a set signal^ 
(d) a pulse width limiting signal, and (e) the PWM 
signal . 

[0042] Fig. 10 is a flowchart showing the 

operation in a reset generating circuit in Fig. 2. 
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[0043] Fig- 11 is a circuit diagram showing a 

circuit configuration of the controller IC according to 
the second embodiment - 

[0044] Fig. 12 is a circuit diagram showing a 

detailed circuit configuration of a calculation circuit 
in Fig. 11. 

[0045] Fig. 13 is a circuit diagram showing 

another detailed circuit configuration of the 
calculation circuit in Fig. 11. 

[0046] Fig. 14 is a timing chart to illustrate the 

principle of the estimated current in the controller IC 
of Fig- 11- 

[0047] Fig. 15 is a timing chart in a PWM signal 

generating, circuit in Fig. Il- 
ls [0O48] Fig. 16 is a circuit diagram showing a 
detailed circuit configuration in a modification 
example of the calculation circuit in Fig. 11. 
[004 9] Fig- 17 is a circuit diagram showing a 
detailed circuit configuration in another modification 
20 exan^le of the calculation circuit in Fig. 11- 

[0050] Fig. 18 is a circuit diagram showing a 

detailed circuit configuration in still another 
modification e^asxple of the calculation circuit in Fig. 
11. 

25 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0051] Embodiments of the switching power supply 
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controller and the switching power supply according to 
the present invention will be described below with 
reference to the drawings. 

[0052] In the present embodiment, the switching 

power supply according to the present invention is 
applied to a buck DC/DC converter, and the switching 
power supply controller according to the present 
invention is applied to a controller IC which generates 
the PWM signal for controlling switching elements of 
the DC/DC converter. The controller IC of the present 
embodiment is of a digital control type to implement 
fast processing, and performs the feedback control of 
the DC/DC converter by the current mode control using 
the estimated current signal resulting from the 
estimation of the inductor current based on the PWM 
signal- The present embodiment involves two 

embodiments different in structure of the controller 
IC. In the description hereinafter, the DC/DC 

converter will be first described, and then the 
controller ICs of the respective . embodiments will be 
described in order. 

[00531 The configuration of the DC/DC converter 1 

will be described with reference to Fig. 1. Fig. 1 is 
a configuration diagram of the DC/DC converter. 
[0054] The DC/DC converter 1 is a power supply 

circuit for converting a DC input voltage Vi into a DC 
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output voltage Vo « Vi) and can be used in various 
applications, e.g., in a VBM [Voltage Regulator 
Module]. The DC/DC converter 1 is a switching 
regulator for switching the switching elements on and 
off by PWM control. A power supply P applies the input 
voltage Vi to the DC/DC converter 1. The input voltage 
Vi is variable and an input voltage range (e.g., 5-12 
V> is set for it. A load L is a recipient of the 
output voltage Vo outputted from the DC/DC converter 1. 
For the output voltage Vo, a constant target voltage 
(e.g., IV) is set according to the load L. The load 1. 
is a load which represents a CPU [Central Processing 
XJnit], an MPO [Micro Processing Unit], or a DSP 
(Digital signal Processor] in coiumuni cation equipment 
such as computers, routers, etc. and which largely 
varies its load current according to the processing 
load. The CPU and MPU as listed have the power-saving 
mode and have the feature of rapidly increasing the 
load variation during a transition from the power- 
saving mode to the normal mode . 

[0055] The DC/DC converter 1 is mainly composed of 

two switching elements 2, 3, an inductor 4, a capacitor 
5, an A/D converter 6, and a controller IC 7 . 
[0056] The switching elements 2, 3 are elements 

having the switching function and are, for example, 
transistors such as field effect transistors (FETs) or 
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the like. Gates of the switching elements 7., 3 receive 
a PWM signal (drive signal) PS outputted from the 
controller IC 7. The switching element 2 and switching 
element 3 are alternately switched on and off based on 
5 levels of the PWM signal PS* Specifically, with the 

PWM signal PS at a high level, the switching element 2 
turns on while the switching element 3 off. On the 
other hand, with the PWM signal PS at a low level, the 
switching element 2 turns off while the switching 

10 element 3 on. 

[0057] The inductor 4 and capacitor 5 function as 

a smoothing circuit (LC filter) for stabilising the 
output voltage Vo. The switching operation of the 
switching elements 2, 3 results in feeding a pulsed 

15 voltage with amplitude equal to the input voltage Vi to 

the smoothing circuit, and the smoothing circuit 
averages the pulsed voltage. 

[00583 The A/D converter 6 converts an analog 

output voltage Vo detected by a voltage sensor (not 

20 shown) , into a digital output voltage Vo and outputs 

the digital output voltage Vo to the controller IC 7. 
[00591 The controller IC 7 generates the PWM 

signal by the current mode control on the basis of the 
digital output voltage Vo so as to make the output 

25 voltage Vo equal to the target voltage, and controls 

on/off of the switching elements 2, 3. 
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10060] The configuration of the controller IC 7A 

according to the first embodiment will be described 
with reference to Figs. 2 to 9. Fig. 2 is a circuit 
diagram showing the circuit configuration of the 
controller IC according to the first embodiment. Fig. 
3A is a circuit diagram showing the detailed circuit 
configuration of the up-down counter in Fig. 2, and 
Fig. 3B a circuit diagram showing the detailed circuit 
configuration of the filter in Fig. 3A. Fig. 4 is an 
illustration to illustrate the generation of the 
estimated current signal in the up-down counter in Fig. 
2, wherein (a) represents the master clock, (to) the PWM 
signal, (c) the select signal, and (d) the estimated 
current signal. Fig. 5 is a circuit diagram showing 
the detailed circuit configuration of the low-pass 
filter, in Fig. 2. Fig. 6 is a timing chart of 
intermittently removing the DC component from the 
estimated current signal in the controller IC of Fig. 2 
(where the DC conqponent is larger than O) , wherein (a> 
represents the PWM signal, (h) the estimated current 
signal and DC con^onent, (c) the reset signal, and (d) 
the estimated current signal after the removal of the 
DC component, and the control signal. Fig. 7 is a 
timing chart of intermittently removing the DC 
component from the estimated current signal in the 
controller IC of Fig. 2 <where the DC component is not 
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more than 0), wherein (a) represents the PWM signal, 
(b) the estimated current signal and DC component, (c) 
the reset signal, and (d) the estimated current signal 
after the removal of the DC component, and the control 
signal. Fig. 8 is an illustration for explaining the 
reason why the DC component is accumulated in the 
estimated current signal. Fig. 9 is an illustration to 
illustrate the current mode control in the controller 
IC of Fig. 2, wherein (a) represents the control signal 
and the estimated current signal after the removal of 
the DC component, (b) the comparator signal, (c) the 
set signal, (d) the pulse width limiting signal, and 
(e) the PWM signal. 

[0061] The controller IC 7A is a digital circuit, 

that operates based on the master clock (e.g., 10 MHz 
to 100 MHz) (cf . Fig. 2) - The controller IC 7A 
multiplies a difference between the digital output 
voltage Vo after the conversion in the A/D converter 6 
and the target voltage Vr with the gain G of P control 
to generate a control signal CS, by the feedback 
control based on the P control- In the controller IC 
7A, the generated PWM signal PS is fed back through a 
minor loop and an estimated current signal PC as an 
estimation of the electric current flowing through the 
inductor 4 of the DC/DC converter 1 is generated on the 
basis of the generated PWM signal PS. Furthermore, in 
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the controller IC 7A the DC component DC is removed 
from the estimated current signal PC and the 
accxamulated DC component DC is intermittently reset to 
O to generate an estimated current signal PC after the 
5 removal of the DC component DC. Then in the controller 

IC 7A the PWM signal PS is generated from the control 
signal CS and the estimated current signal PC'. For 
that, the controller IC 7A is composed of a subtracter 
10, a multiplier 11, an up-down counter 12, a reset 
10 generating circuit 13, a low-pass filter 14, a 

subtractor 15, a comparator 16, an RS flip-flop circuit 
17, and an MID circuit 18. In the description 
hereinafter the high signal is set at the power-supply 
voltage (e.g., 5 V) or the like in the controller IC 7A 
15 and is indicated by 1 in the drawings. The low signal 

is set at 0 V and is indicated by 0 in the drawings. 
[0062] In the first einbodiment, the subtractor 10 

and multiplier 11 correspond to the control signal 
setting means as stated in the claims, the up-down 
20 counter 12 to the current estimating means in the 

claims, the low-pass filter 14 and subtractor 15 to the 
DC component removing means in the claims, the. reset 
generating circuit 13 and low-pass filter 14 to the DC 
component resetting means in the claims, and the 
25 comparator 16 to the comparing means in the claims. 

[0063] The subtractor 10 receives the target 
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voltage Vr and output voltage Vo, subtracts the output 
voltage Vo from the target voltage Vr, and outputs the 
difference (Vr-Vo) to the multiplier 11* 
[0064] The multiplier 11 receives the difference 

(Vr-Vo), multiplies the difference (Vr-Vo) by the gain 
G of P control, and outputs the product G (Vr-Vo) as a 
control signal CS to the comparator 16 • This control 
signal CS is a target current signal in comparison with 
the estimated current signal PC. 

[0065] The up-down counter 12 generates the 

estimated current signal PC on the basis of the PWM 
signal PS and outputs the estimated current signal PC 
to the low-pass filter 14 and to the subtracter 15. 
For that purpose,^ the up-down counter 12 is composed of 
a selector 20 and a filter 21 (cf . Fig. 3A) . The 
estimated current signal PC is a signal as an 
estimation of the electric current flowing through the 
inductor 4 of the DC/DC converter 1, and signal which 
increases based on an up coefficient during an on 
period (high signal period) of the switching element 2 
by the PWM signal PS and which decreases on the basis 
of a down coefficient during an off period (low signal 
period) thereof. 

[0066] The selector 20 generates a select signal 

SL on the basis of the PWM signal PS. For that, the 
selector 20 receives the PWM signal PS generated in the 
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controller IC 7A.- When the PWM signal PS is at the 
high level, the selector 20 selects the up coefficient 

(- a) and sets a in the select signal SL (cf. Fig. 4 

<b) and (O). When the PWM signal PS is at the low 
level, the selector 20 selects the down coefficient 

(= -b> and sets -b in the select signal SL (cf. Fig. 4 

(b) and (c) ) . 

10067] The up coefficient a and the dovm 

coefficient -b are set based on the parameters of the 
inductor 4 and capacitor 5 in the DC/DC converter 1, 
one cycle of the master clock MC, etc. and are values 
indicating an increasing rate or a decreasing rate of 
the inductor current in the DC/DC converter 1. These 
coefficients a, b are set without consideration to the 
resistance component in the inductor 4 in the actual 
DC/DC converter 1, variation of the input voltage Vi, 
and so on. Therefore, the estimated current signal PC 
resulting from the estimation using these coefficients 
a, b deviates from the actual inductor current and 
involves an error component (DC coii«>onent) . 
[0068] The filter 21 is a filter having the 

integrating characteristic and generates the estimated 
current signal PC based on the select signal SL. The 
filter 21, as shown in Fig. 3B, is composed of a D 
flip-flop circuit 21a and an adder 21b. The D flip- 
flop circuit 21a receives an output value Yn, retains a 
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right previous value Yn-i of the output value on the 
basis of the master clock MC, and outputs Yn-i to the 
adder 21b. The adder 21b adds the right previous value 
y„^i of the output value to the input value Un and 
outputs the result as an output value Yn. 
Specifically, the filter 21 sequentially adds the value 
of the select signal SL to the previous value every 
cycle of the master clock MC and outputs the sum as an 
estimated current signal PC (cf. Fig, 4 (a), (c) , and 

(d) ) . Namely, where the select signal SL is the value 
of a, a is added to the previous value; where the 
select signal SL is the value of -b, b is subtracted 
from the previous value. 

[0069] Yn = U„ + Yft-i (1) 

[0070] The filter 21 is expressed by Eq (1), 

wherein Un represents the select signal SL from the 
selector 20 and Y„ the estimated current signal PC. 

[0071] The reset generating circuit 13 generates a 

reset signal RS that defines the timing of resetting 
the DC coir^onent DC to be extracted in the low-pass 
filter 14. For that, the reset generating circuit 13 
receives the PWM signal PS generated in the controller 
IC 7A and the DC component DC extracted in the low-pass 
filter 14* For a reset release period with no reset, 
the reset generating circuit 13 sets the reset signal 
RS at the high level (cf. Fig. 6 (c) and Fig. 7 (c) ) • 
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The reset generating circuit 13 counts the number of 
cycles of the PWM signal PS (rises from the low level 
to the high level) and, when the count value reaches 10 
(i.e., when a time equivalent to ten cycles of the PWM 
signal PS passes), the reset generating circuit 13 sets 
the reset signal RS at the low level in order to 
initiate a reset period (cf. Fig. 6 (a). Fig. 6 (c) , 
Fig- 1 (a), and Fig. 7 (c)). After the setting at the 
low level, the reset generating circuit 13 determines 
whether the DC coB«>onent DC is larger than 0. When the 
DC component DC is larger than 0, the reset generating 
circuit 13 determines whether the PWM signal PS had a 
rise from the low level to the high level. With a 
rise, the reset generating circuit 13 sets the reset 
15 signal RS to the high level in order to terminate the 

reset period (cf- Fig. 6 (a) and (c) ) . In passing, 
when the DC component is larger than 0 and when the 
reset signal RS turns to the low level, the estimated 
current signal PC rapidly increases on the plus side 
20 to become greater than the control signal OS, and the 

PWM signal PS is at the low level (cf. Fig. 6 (a) and 
(d)). On the other hand, when the DC coH^onent DC is 
not more than 0, the reset generating circuit 13 
determines whether the PWM signal PS had a fall from 
25 the high level to the low level. With a fall, the 

reset generating circuit 13 sets the reset signal RS to 
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the low level in order to terminate the reset period 
(cf. Fig. 7 (a) and (c) ) . In passing, when the DC 
component is not more than 0 and when the reset signal 
RS turns to the low level, the estimated current signal 
PC' quickly decreases on the minus side to become 
smaller than the control signal CS, and the PWM signal 
PS is at the high level (cf. Fig. 7 (d) ) . Then the 
reset generating circuit 13 outputs the reset signal RS 
to the low-pass filter 14 • 

10072] A period in which the reset signal is low 

is a duration corresponding to a few cycles of the PWM 
signal PS and is determined by the magnitude of the 
accumulated DC coii5>onent DC { consequently , the 
magnitude of the estimated current signal PC after 
reset) and the magnitude of the control signal CS. The 
reason is that the PWM signal PS turns from the low 
level to the high level or from the high level to the 
low level after the values of the estimated current 
signal PC and the control signal CS become equal to 
each other, and the time necessary for the turn 
increases with increasing difference between the values 
of the estimated current signal PC and the control 
signal CS. For this reason, the period in which the 
reset signal is low (the reset period) is determined 
according to the relation between the estimated current 
signal PC and the control signal CS after reset. 
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[0073] The timing of resetting the DC component DC 

is set to ten cycles of the PWM signal PS (i.e., ten 
switching cycles) herein, but the niamber of cycles is 
to be set according to the capacitance of the capacitor 
5 in the DC/DC converter 1, the zero-cross frequency of 
the controller IC and so on. When the DC component 

DC is reset, a ripple component generated in the output 
voltage Vo in the DC/DC converter 1 varies depending 
upon the reset timing, and the ripple becomes greater 
as the reset period becomes shorter. This ripple is 
affected by the capacitance of the capacitor 5 and the 
zero-cross frequency, and the reset period can be set 
long where the capacitance of the capacitor 5 is large 
or where the zero-cross frequency is low. 
[0074] The low-pass filter 14 is a first-order 

low-pass filter of the IIR [Infinite Impulse Response] 
type, and it extracts the DC component DC from the 
estimated current signal PC and resets the accumulated 
DC component DC to approximately 0 according to the 
reset signal RS. The low-pass filter 14, as shown in 
Fig. 5, is composed of three multipliers 14a, 14b, 14c, 
two D flip-flop circuits 14d, 14e, and an adder 14 f. 
The multiplier 14a multiplies an input value Un by a 
filter coefficient aO and outputs the product to the 
adder 14f. The D flip-flop circuit 14d receives the 
input value Un, retains a right previous value Un-i of 
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the input value on the basis of the master clock MC, 
and outputs Un-i to the multiplier 14b. The multiplier 
14b multiplies the previous value Un-i of the input 
value by a filter coefficient al and outputs the 
product to the adder 14f . The D flip-flop circuit 14e 
receives an output value Yn/ retains a right previous 
value Yn-i of the output value on the basis of the 
master clock MC, and outputs Yn-i to the multiplier 14c. 
The multiplier 14c multiplies the right previous value 
Yn-i of the output value by a filter coefficient bl and 
outputs the product to the adder 14 f. The adder 14 f 
sums up the products of the respective multipliers 14a- 
14c and outputs the result as an output value Y„, The 
low-pass filter 14 has a cut-off frequency and extracts 
frequency components lower than the cut-off frequency 
in the estimated current signal PC/ as the DC component 
DC (cf. Fig. 6 (b) and Fig. 7 (b) ) . 
[0075] Y„ = aO Un + al X Un-i + bl x Yn-i (2) 

[0076] The low-pass filter 14 is expressed by Eq 

12), wherein Un represents the estimated current signal 
PC from the up-down counter 12 and Yn the DC component 
DC. This low-pass filter 14 has the gain set at 1, 
gradually extracts the DC con^onent included in the 
estimated current signal PC with a lapse of time, and 
extracts the whole DC component in the estimated 
current signal PC after a certain time passes. 
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Accordingly, as shown in Fig- 6 (b) and Fig. 7 (b) , the 
DC component DC gradually increases from 0 after reset ^ 
and the DC component DC nears the actiial DC component 
of the estimated current signal PC with a lapse of 
5 time. 

[0077] The low-pass filter 14 resets the 

accumulated DC component DC in the estimated current 
signal PC. For that, the low-pass filter 14 receives 
the reset signal RS: The D flip-flop circuit 14e 
10 receives the reset signal RS, outputs the right 

previous value Y„-i of the output value during a high 
period of the reset signal RS, and unconditionally 
outputs 0 during a low period of the reset signal RS . 
When the previous value Y„-i of the output value becomes 
15 0, the low-pass filter 14 outputs the output value Y„ 

(DC component DC) of approximately 0, because the 
filter coefficients aO and al are values considerably 
smaller than 1 and the filter coefficient bl is a value 
smaller than 1 but close to 1. When the reset signal 
20 RS turns from the low level to the high level, the D 

flip-flop circuit 14e outputs the previous value Y„-i of 
the output value. in the low-pass filter 14, with the 
output of the previous value Y„-j of the output value, 
the output value Y„ (DC component DC) gradually 
25 approaches the actual DC component of the estimated 

current signal PC. It is also possible to adopt a 
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configuration wherein the reset signal RS is also fed 
into the D flip-flop circuit 14d and it unconditionally 
outputs 0 when the reset signal RS turns to the low 
level . 

[0078] Described below is why the DC component is 

accumulated in the estimated current signal PC. When 
the inductor current is estimated based on the PV3M 
signal PS, the estimated current contains the DC 
component {error component) more than the actual 
inductor current- Thus the controller IC 7A is 
configured to extract the DC component DC from the 
estimated current signal PC and subtract the DC 
component DC from the estimated current: signal PC. 
However, since the estimated c\irrent signal PC is 
generated by the filter 21 having the integrating 
characteristic, the DC component continuously increases 
(or decreases) with a predetermined slope in the 
estimated current signal PC, as indicated by hatched 
portions in Fig. 8. For this reason, supposing the DC 
component is extracted at a certain time tl in the low- 
pass filter 14 and the subtracter 15 in the stage 
thereafter subtracts the extracted DC component at a 
time t2, the DC component at the time t2 in the 
estimated current signal PC becomes greater (or 
smaller) than the DC component at the certain time tl« 
Therefore, there remains the DC component continuously 
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increasing (or decreasing) during the period from tl to 
t2 even after the subtraction of the DC component, and 
the DC component is accumulated in the low-pass filter 
14 to increase its amplitude on the plus side (or on 
the minus side) . Therefore, if the DC coir«>onent should 
not be reset, the estimated current signal PC and the 
DC component DC would infinitely increase their 
amplitude on the plus side or on the minus side, so as 
to disable the processing in the controller IC 7A. 
(0079] The subtracter 15 receives the estimated 

current signal PC and the DC component DC, subtracts 
the DC component DC from the estimated current signal 
PC, and outputs the difference (PC-DC) as the estimated 
current signal PC after the removal of the DC 
component. The subtracter 15 performs the subtraction 
process every cycle of the master clock MC. In 
passing, when the DC component DC is positive, the 
estimated current signal PC after the removal of the 
DC component becomes smaller than the estimated current 
signal PC (cf. Fig. 6 (b) and (d) ) . When the DC 
component DC is negative, the estimated current signal 
PC after the removal of the DC conqponent becomes 
larger than the estimated current signal PC (cf. Fig. 7 
(b) and (d) ) . 

[0080] The comparator 16 determines whether the 

estimated current signal PC after the removal of the 
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DC component reaches the control signal CS, and 
generates a con«>arator signal CO. For that, the 
comparator 16 receives the estimated current signal PC* 
through a noninverting input terminal and receives the 
control signal CS through an inverting input terminal. 
[0081] During a reset release period of the DC 

component DC, the comparator 16 compares the estimated 
current signal PC with the control signal CS, outputs 
the comparator signal CO at the high level if the 
estimated current signal PC reaches the control signal 
CS, and otherwise, outputs the comparator signal CO at 
the low level (cf- Fig. 9 (a) and (b) ) . The comparator 
signal CO is a signal that becomes high only for a 
n^oment when the estimated current signal PC reaches 
the control signal CS, and is output ted to the RS flip- 
flop circuit 17. in passing, the estimated current 
signal PC is generated so as to increase before 
arrival at the control signal CS and decrease 
thereafter. 

[00821 During a reset period of the DC component 

DC, the estimated current signal PC quickly increases 
its amplitude on the plus side or on the minus side, 
and it is thus infeasible to perform the control as 
during the reset release period. When the DC component 
DC is larger than 0, the estimated current signal PC 
is greater than the control signal CS (cf. Fig. 6 (d) > , 
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and the comparator 16 continuously outputs the 
comparator signal CO at the high level before the 
estimated current signal PC' becomes smaller than the 
control signal CS. Once the estimated current signal 
PC" becomes smaller than the control signal CS, the 
comparator 16 outputs the comparator signal CO at the 
low level- The con^arator signal CO becomes high only 
for a moment during the reset release period, whereas 
it continuously becomes high over a few cycles of the 
PWM signal PS during the reset period. On the other 
Hand, where the DC component DC is not more than 0, the 
estimated current signal PC' is smaller than the 
control signal CS (cf. Fig. 7 (d) ) , and the comparator 
16 outputs the comparator signal CO at the low level 
15 before the estimated current signal PC' becomes larger 

than the control signal CS. Once the estimated current 
signal PC' reaches the control signal CS, the 
comparator 16 outputs the con^arator signal CO at the 
high level. The comparator signal CO at the low level 
is not continuously outputted over one cycle of the PWM 
signal PS during the reset release period, whereas the 
low comparator signal is continuously outputted over a 
few cycles of the PWM signal PS during the reset 
period - 

[0083] The RS flip-flop circuit 17 outputs a high 

Signal or a low signal as a source for the PWM signal 
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PS. For that, the RS flip-flop circuit 17 receives the 
set signal SS and the con«>arator signal CO (cf. Fig. 9 
(b) and (c) ) . 

[00841 During a reset release period of the DC 

component DC, the RS flip-flop circuit 17 turns from 
low to high with the set signal SS at the high level 
and holds high. Then the RS flip-flop circuit 17 turns 
from high to low with the comparator signal CO at the 
high level and holds low. The frequency of the PVgM 
signal PS is, for example, 100 kHz-1 MHz, and is 
equivalent to the switching frequency in the DC/DC 
converter 1. 

[0085] During a reset period of the DC component 

DC, the high level or the low level of the con^arator 
signal CO of the comparator 16 is continuously 
outputted over a few cycles of the PWM signal PS. 
During a period in which the comparator signal CO is 
outputted continuously at the high level, the RS flip- 
flop circuit 17 continuously holds low. In this case, 
the output of the RS flip-flop circuit 17 turns from 
low to high only for a moment upon a rise of the set 
signal SS at the high level, but this occurs only for a 
moment. Therefore, the output is maintained 

substantially at the low level. When the set signal SS 
becomes high after switching from high to low of the 
comparator signal CO, the RS flip-flop circuit 17 then 
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turns from low to high and holds high. On the other 
hand, during a period in which the comparator signal CO 
is outputted continuously at the low level, the RS 
flip-flop circuit 17 remains high. When the comparator 
signal CO turns from low to high, the RS flip-flop 
circuit 17 then turns from high to low and holds low. 
[00861 The set signal SS is a signal resulting 

from frequency division of the master clock MC by a 
frequency divider (not shown) , and signal that defines 
one cycle of the PWM signal PS (a switching cycle of 
the DC/DC converter 1) . The set signal SS provides 
pulses at the high level to define rises from low to 
high of the PWM signal PS (each pulse corresponding to 
one cycle of the master clock MC) . 

[0087] The AND circuit 18 limits the pulse width 

of the PWM signal PS and outputs the PWM signal PS. 
For that, the AND circuit 18 receives the output signal 
of the RS flip-flop circuit 17 and the pulse width 
limiting signal PLS (cf. Fig. 9 (d) ) . The AND circuit 
18 outputs the PWM signal PS at the high level if the 
output signal of the RS flip-flop circuit 17 is high 
and if the pulse width limiting signal PLS is high, and 
otherwise, at the low level (cf. Fig. 9 (d) and (e) ) . 
This signal at the high and low levels is the PWM 
signal PS. 

[0088] The pulse width limiting signal PLS is a 
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signal resulting from frequency division of the master 
clock MC by a frequency divider, and the period thereof 
is the same as that of the PWM signal PS. The pulse 
width limiting signal PLS provides intervals at the 
high level to define the maximum pulse width permitted 
for the PWM signal PS (eventually, a maximum output 
voltage permitted for the DC/DC converter 1) . 
[0089] During a reset period of the DC component 

DC, the pulse width limiting signal PLS holds high 
throughout the entire period, or the output of the RS 
flip-flop circuit 17 is provided directly as the PWM 
signal PS, without passing through the AND circuit 18. 
10090] The operations of the controlleir IC 7A and 

the DC/DC converter 1 will be described with reference 
to Figs. 1 to 9. Particularly, the operation in the 
reset generating circuit 13 of the controller IC 7A 
will be described along the flowchart of Fig. '10. Fig. 
10 is the flowchart showing the operation in the reset 
generating circuit in Fig- 2. 

[0091] The input voltage Vi is fed into the DC/DC 

converter 1- Then, in the DC/DC converter 1, the 
switching elements 2, 3 alternately turn on and off on 
the basis of the PWM signal PS from the controller IC 
7A. Furthermore, in the DC/DC converter 1 the inductor 
4 and capacitor 5 average the input voltage Vi 
outputted as pulses during on periods of the switching 
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element 2 to output the voltage Vo. m the DC/DC 
converter 1, the voltage sensor detects the output 
voltage Vo and the detected output voltage Vo is 
digitized by the A/D converter 6 to be fed back to the 
controller IC 7A. 

[0092] The controller IC 7A subtracts the output 

voltage Vo from the target voltage Vr, and multiplies 
the difference between them by the gain G of P control 
to generate the control signal CS. The controller IC 
7A estimates the inductor current on the basis of the 
generated PWM signal PS to generate the estimated 
current signal PC (cf. Fig. 4 (b) and (d) ) . 
Furthermore, the controller IC extracts the DC 

component DC from the estimated current signal PC and 
subtracts the DC component DC from the estimated 
current signal PC (cf. Fig. 6 (b) , Fig. 6 (d) , Fig- 7 
(b), and Fig. 7 (d) ) . Then the controller IC 7A 
compares the control signal CS with the estimated 
current signal PC after the removal of the DC 
component and generates the coit«>arator signal CO to 
turn high when the estimated current signal PC reaches 
the control signal CS (cf. Fig. 9 (a) and (b) ) . 
Furthermore, the controller IC 7A outputs the PWM 
signal PS to provide a pulse from high of the set 
signal SS to high of the comparator signal CO, while 
limiting the pulse width by the pulse width limiting 
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[0093] The controller IC 7A also generates the 

reset signal RS, in order to reset the DC coitqponent DC 
extracted by the low-pass filter 14. First, the 
5 controller IC 7A sets the reset signal RS at the high 

level (cf. SI in Fig* 10, Fig. 6 (c) , and Fig. 7 (c) ) 
and initializes the count value to 0 (S2 in Fig. 10) . 
[0094] Then the controller IC 7A determines 

whether the PWM signal PS had a rise from low to high 

10 (S3 in Fig- 10) , and continues this determination 

before a rise. With a determination of a rise at S3, 
the controller IC 7A adds 1 to the counter value (S4 in 
Fig. 10). Namely/ the count value Is counted up every 
lapse of a time equivalent to one cycle of the PWM 

15 signal PS. 

[0095] Subsequently, the controller IC 7A 

determines whether the count value reaches 10 (S5 in 
Fig. 10). Before the count value reaches 10, the 
controller IC 7A transfers to the process at S3 to 

20 await a rise of the PWM signal PS. Namely, the 

controller IC 7A determines here whether a time 
equivalent to ten cycles of the PWM signal PS has 
elapsed. Dtaring this period, the DC component included 
in the estimated current signal PC/ and the extracted 

25 DC component DC continuously increase their amplitude 

on the plus side or on the minus side (cf- Fig. 6 (b) 
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and Fig- 7 (b) ) . ■ ' 

[0096 J When it is determined at S5 that the 

counter value reaches 10, the controller IC 7A sets the 
reset signal RS to the Tow level (cf . S6 in Fig. 10, 

5 Fig. € (c), and Fig. 7 (c) ) to move into the control 

excluding the removal of the DC component. When the 
reset signal RS turns low, the controller IC 7A resets 
the extracted DC component DC to approximiately 0 (cf . 
Fig. 6 (b). Fig. 6 (c). Fig. 7 (b) , and Fig. 7 (O). 

10 [0097] in the case where the DC component DC is 

positive, the positive DC component DC to be subtracted 
from the estimated current signal PC becomes null (cf. 
Fig. 6 (b>), so that the estimated current signal 
rapidly increases {cf. Fig. 6 (d) ) . For this reason, 

15 the estimated current signal PC goes far beyond tbe 

value of the control signal CS, and thus the controller 
IC 7A immediately switches the PWM signal PS from high 
to low to maintain the PWM signal PS at the low level 
before the estimated current signal PC becomes smaller 

20 than the control signal CS (cf. Fig. 6 (a) and Fig. 6 

(d) ) . During a period in which the PWM signal PS is 
kept low, the estimated current signal PC continuously 
decreases and, in conjunction therewith, the estiinated 
current signal PC also decreases continuously (cf. 

25 Fig. 6 (b) and Fig. 6 (d) ) . Once the estimated current 

signal PC becomes smaller than the control signal CS, 
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the controller IC 7A returns to the normal control, and 
the controller IC 7A switches the PWM signal PS from 
low to high with a rise of the set signal SS to the 
high level (cf. Fig. 6 (a) and Fig. 6 (d) ) . 
[0098] on the other hand, in the case where the DC 

component DC is negative, the negative DC component DC 
to be subtracted from the estimated current signal PC 
becomes null (cf. Fig. 7 (b) ) , so that the estimated 
current signal PC' rapidly decreases (cf. Fig. 7 (d) ) . 
Therefore, the estimated current signal PC becomes 
considerably smaller than the control signal CS, and 
thus the controller IC 7A maintains the PWM signal PS 
at the high level before the estimated current signal 
PC reaches the control signal CS (of. Fig- 7 (a) and 
(d) ) . During a period in which the PWM signal PS is 
kept high, the estimated current signal PC continuously 
increases and, in conjunction therewith, the estimated 
current signal PC also increases continuously (cf. 
Fig. 7 (b) and (d) ) , Once the estimated current signal 
PC reaches the control signal CS, the controller IC 7A 
returns to the normal control and the controller IC 7A 
switches the PWM signal PS from high to low (cf . Fig. 7 
(a) and (d) ) . 

[0099] After the reset signal RS is set to the low 

level, the controller IC 7A determines whether the DC 
component DC is larger than 0 (S7 in Fig. 10). In 
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passing, if the DC component DC is larger than 0 after 
switching of the reset signal RS to the low level, the 
PWM signal PS holds low; and if the DC component DC is 
not more than 0 the PWM signal PS holds high. 
[0100] When it is determined at S7 that the DC 

component DC is larger than 0, the controller IC 7A 
determines whether the PWM signal PS had a rise from 
low to high, and continues this determination before a 
rise (SB in Fig 10) . With a determination of a rise at 
S8, the controller IC 7A returns to SI to set the reset 
signal RS to the high level, and transfers into tlie 
normal control including the removal of the DC 
component* Returning into the normal control, the 
estimated current signal PC, having continuously 
decreased, turns to increase and decrease according to 
the PWM signal PS, and the DC component DC gradually 
increases from 0 (cf. Fig. 6 (a) and Fig- 6 (b) ) . 
[0101] On the other hand, when it is determined at 

S7 that the DC component DC is not more than 0, the 
controller IC 7A determines whether the PWM signal PS 
had a fall from high to low, and continues this 
determination before a fall (S9 in Fig. 10). With a 
determination of a fall at S9, the controller IC 7A 
returns to SI to set the reset signal RS to the higb 
level, and transfers into the normal control including 
the removal of the DC component. Returning into the 
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normal control, the estimated current signal PC, having 
continuously increased, turns to increase and decrease 
according to the PWM signal PS, and the DC component DC 
gradually decreases from 0 (cf. Fig. 7 (a) and (b) ) . 
10102] By intermittently resetting the DC 

component DC as described above, the accumulated DC 
component is intermittently removed from the estimated 
current signal PC, so as to prevent the estimated 
current signal PC and the DC component DC from 
infinitely increasing. Therefore, the controller IC 7A 
is prevented from becoming uncontrollable because of 
the estimated current signal PC and the DC component DC 
becoming too large. The estimated current signal PC is 
kept from deviating from the actual inductor current, 
which improves the accuracy of estimation of the 
inductor current. As a consequence, the controller IC 
7A is able to perform the current mode control with 
accuracy close to that in the current mode control 
based on the actual inductor current - 

(01031 m passing, the normal control to bring the 

output voltage Vo close to the target voltage Vr cannot 
be performed during the reset period. However, since 
the reset period is sufficiently shorter than the reset 
release period, the output voltage Vo is controlled 
toward the target voltage Vr as a whole of the control. 
[0104] Although this controller IC 7A does not 
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have the current detecting means for detecting the 
current of the inductor 4, it is able to perform the 
current mode control by estimating the inductor 
current* Furthermore, the controller IC 7A removes the 
5 DC component DC from the estimated current signal PC 

and intermittently resets the acctmulated DC component 
DC, whereby the estimated current is made as close to 
the actual inductor current as possible, so as to 
improve the accuracy in the current mode control. 

10 [0105] The controller IC 7A is able to generate 

the estimated current signal PC by the simple 
configuration of the selector 20 and filter 21. 
Furthermore, the controller IC 7A is able to perform 
the extraction of the DC component DC and the reset of 

15 the DC component DC by the simple configuration of the 

first-order digital low-pass filter 14. 

[0106] The configuration of the controller IC 7B 

according to the second embodiment will be described 
below with reference to Figs. 11 to 18. Fig. 11 is a 

20 circuit diagram showing a circuit configuration of the 

controller IC according to the second embodiment. Fig. 
12 is a circuit diagram showing a detailed circuit 
configuration of the calculation circuit in Fig. 11. 
Fig. 13 is a circuit diagram showing another detailed. 

25 circuit configuration of the calculation circuit in 

Fig- 11. Fig. 14 is a timing chart to illustrate the 
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principle of the estimated current in the controller IC 
of . Fig. 11. Fig. 15 is a timing chart in the PWM 
signal generating circuit in Fig. 11. Fig. 16 is a 
circuit diagram showing a detailed circuit 
5 configuration in a modification example of the 

calculation circuit in Fig. 11. Fig. 17 is a circuit 
diagram showing a detailed circuit configuration in 
another modification example of the calculation circuit 
in Fig. 11- Fig. 18 is a circuit diagram showing a 
10 detailed circuit configuration in still another 

modification example of the calculation circuit in Fig, 
11. 

[0107] As shown in Fig. 11, the controller IC 7B 

is coir5)rised of an adder 30, a multiplier 31, a PWM 
15 signal generating circuit (drive signal generating 

means) 40, a selector (pulse signal outputting means) 
32, and a calculation circuit 50 » 

[0108] The adder (subtracter) 30 outputs a signal 

indicating the value of (Vr-Vo) , based on the digital 

20 signal indicating the output voltage Vo and the digital 

signal indicating the target voltage Vr. Namely, the 
adder 30 adds the output voltage Vo (negative) to the 
target voltage Vr (positive) to calculate the 
differential voltage value (Vr-Vo) between the output 

25 voltage Vo and the target voltage Vr. 

[01091 The multiplier 31 outputs the control 
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signal CS indicating the value of G{Vr-Vo), based on 
the signal indicating the differential voltage value 
(Vr-Vo) . Namely, the multiplier 31 multiplies the 
differential voltage value (Vr-Vo) between the output 
voltage Vo and the target voltage Vr by G being a 
coefficient of the multiplier 31, to calculate the 
product G(Vr^Vo) being a value resulting from 
multiplication of the differential voltage value (Vr- 
Vo) by G- 

[0110] The PWM signal generating circuit 40 

generates the PWM signal PS on the basis of the control 
signal CS indicating the value of G (Vr-Vo) outputted 
from the multiplier 31 and the estimated current signal 
PC (described later) outputted from the calculation 
circuit 50. As shown in Fig. 11, the PWM signal 
generating circuit 40 has a comparator (comparing 
means) 41, an RS flip-flop circuit (switching means) 
42, and an AND circuit 43. 

[0111] The comparator 41 compares the control 

signal CS indicating the value of G (Vr-Vo) with tbe 
estimated current signal PC and outputs the comparator 
signal CO indicating the result of the comparison 
between those signals. Namely, the comparator 41 
compares the value of G (Vr-Vo) with the value of PC, 
and outputs the comparator signal CO at the low level 
if the value of G (Vr-Vo) is larger tban the value of 
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PC, but outputs the comparator signal CO at the high 
level if the value of G(Vr-Vo) is not more than the 
value of PC. Namely, the comparator signal CO turns to 
the high level only if the value of PC is not less than 
the value of G<Vr-Vo) . 

[01121 The RS flip-flop circuit 42 outputs a 

signal FS, based on the set signal SS generated based 
on pulses resulting from frequency division of the 
master clock MC and based on the comparator signal CO 
outputted from the coii5>arator 41. Namely, the set 
signal SS is fed into S (Set) being one input side of 
the RS flip-flop circuit 42, the comparator signal CO 
is fed into R (Reset) being the other input side> and 
either the signal FS at the high level or the signal FS 
at the low level is outputted from Q being the output 
side - 

[0113] The AND circuit 43 outputs the PWM signal 

PS being the drive signal for the switching elements 2, 
3, based on the pulse width limiting signal PLS 
generated based on pulses resulting from frequency 
division of the master clock MC and based on the signal 
FS outputted from the RS flip-flop circuit 42. Namely, 
the AND circuit 43 calculates a logical product of the 
pulse width limiting signal PLS and the signal FS and 
outputs the calculation result as the PWM signal PS. 
[01141 The selector 32 outputs a pulse signal I-S 



53 



FP04-0029 



indicating a level value of either "a" or based 
on the PWM signal PS- Here the value of "a" is a slope 
in increase of the real current flowing through the 
inductor 4 of the DC/DC converter 1, and the value of 
«_P" a value indicating a slope in decrease of the real 
current flowing through the inductor 4. Therefore, by 
using these values of "a" and "-(i," it becomes feasible 
to estimate the real current flowing through the 
inductor 4. In the second embodiment/ the signal PC 
that can be generated based on the pulse signal LS 
having the level values of "a" and "-p" will thus be 
described as an estimated current signal. In the 
second embodiment the DC/DC converter 1 performs the 
constant voltage control using this estimated current 
signal PC. The values of "a" and "-p" are generally 
deteznained by the circuit configuration of the DC/DC 
converter 1 and are values preliminarily set in the 
selector 32. 

[0115] The calculation circuit 50 outputs the 

estimated current signal PC, based on the pulse signal 
LS outputted from the selector 32. As shown in Fig. 
11, the calculation circuit 50 herein has a high-pass 
filter (HPF) 51 and an integrator 52. 

[0116] The high-pass filter 51 is a second-order 

high-pass filter, and is a filter circuit for removing 
the DC cosqponent included in the pulse signal L.S from 
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the selector 32. Since the high-pass filter 51 is 
provided, the DC coinponeni: included in the pulse signal 
LS is removed thereby, so that the signal without the 
DC component can be fed into the integrator 52 . 
[01171 The integrator 52 is a circuit that 

integrates the signal after the removal of the DC 
component by the high-pass filter 51. By providing the 
integrator 52, it becomes feasible to integrate the 
pulse signal LS having the level values of "a" and "-p" 
as described above. Namely, it is feasible to 
integrate the pulse signal after the removal of the DC 
component. This can prevent the estimated current 
signal PC from the integrator 52 from diverging because 
of the influence of the DC component. Since the 
controller IC 7B is provided with the calculation 
circuit 50 comprised of the high-pass filter 51 and 
integrator 52 as described above, it is able to 
generate the estimated current signal PC, without being 
affected by the DC component which can be the cause of 
error from the real current, and thus it becomes 
feasible to generate the estimated current closer to 
the real current- Accordingly, the DC/DC converter 1 
in the second embodiment does not have to be provided 
with the means for correcting the value of the 
estimated current signal to the real current value 
(e.g., a current detector for detecting the real 
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current value, or the like), which can simplify the 
configuration of the DC/DC converter 1. 

[0118] A detailed circuit configuration of the 

calculation circuit 50 will be described below with 
reference to Fig. 12. As shown in Fig. 12, the 
calculation circuit 50 has a second-order high-pass 
filter 51 and an integrator 52. The second-order high- 
pass filter 51 is composed of D flip-flop circuits 51A- 
51D being delay devices, a multiplier 51E with the 
multiplication coefficient of "2," a multiplier 51F 
with the multiplication coefficient of •'bl+b2," a 
multiplier 51G with the multiplication coefficient of 
"bl*b2," and an adder 51H. This circuit configuration 
is in^jlemented based on a transfer function H(2) of the 
high-pass filter 51 represented by Eq (3) below. 
[01191 H(Z) = [ (1-2-M / (l-bl*Z-M ] * [ (1-Z"M / (1- 

b2*Z"^)l (3) (bl and b2 are coefficients) 

[0120] The integrator 52 of the calculation 

circuit 50 is composed of a D flip-flop circuit 52A 
being a delay device, and an adder 52B. This circuit 
configuration is implemented based on a transfer 
function H(Z) of the integrator 52 represented by Eq 
(4) below. 

[0121] H(Z) = 1/(1-2-^ (4) 

[0122] Altliough the second embodiment describes a 

case where the high-pass filter 51 is the second-order 
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high-pass filter, there is no need for limiting the 
high-pass filter 51 to the second-order high-pass 
filter. Namely, the high-pass filter 51 can be any 
high-pass filter as long as it is a first or higher- 
order high-pass filter. Here is a case in which the 
calculation circuit 50 is conqposed of a first-order 
high-pass filter 51S and an integrator 52, and a 
detailed circuit diagram thereof is presented in Fig. 
13- The calculation circuit 50 in this configuration 
will be described below. As shown in Fig. 13, the 
first-order high-pass filter 51S has D flip-flop 
circuits 51SA, 51SB being delay devices, a multiplier 
51SC with the multiplication coefficient of "b, " and an 
adder 51SD. This circuit configuration is implemented 
based on a transfer function H(2) of the high-pass 
filter 51S represented by Eq (5) below. 

[01231 H(Z) = (l-Z-M/(l-b*Z-^) (5) (b is a 

coefficient) 

[0124] The principle of generating the estimated 

current signal PC will be described below with 
reference to the timing chart shown in Fig. 14. Fig. 
14 (a) is an illustration showing the pulse waveform of 
the master clock MC serving as a reference signal in 
various controls in the DC/DC converter 1. As shown in 
Fig. 14 (a), the master clock MC provides alternate 
output signals of the low level "0" and the high level 
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at fixed intervals. Fig. 14 (b) is an illustration 
showing the pulse waveform of the PWM signal PS 
outputted from the AND circuit 43 of the controller IC 
7B. AS shown in Fig. 14 (b) , the PWM signal PS 
provides alternate output signals of the low level "0- 
and the high level "1." Fig. 14 (c) is an illustration 
showing the pulse waveform of the pulse signal LS 
outputted from the selector 32 of the controller IC 7B. 
AS shown in Fig. 14 (c) , the pulse signal I.S provides 
alternate output signals with the level value of "a" 
and with the level value of "-p." Fig. 14 (d) is an 
illustration showing the digital waveform of the 
estimated current signal PC outputted from the 
calculation circuit 50 of the controller IC 7B. As 
shown in Fig. 14 (d) , the estimated current signal PC 
repeatedly provides an output signal stepwise 
increasing by the "a" level each during an increase 
period of the estimated current signal PC, and 
repeatedly provides an output signal stepwise 
decreasing by the "p" level each during a decrease 
period of the estimated current signal PC. Each of the 
signals shown in Fig. 14 (b) to 14 (d) switches its 
level in synchronism with a rise of a predetermined 
pulse in the master clock MC shown in Fig. 14 (a) . 
[0125] First, when at a time tl the PWM signal PS 

turns from the low level to the high level as shown in 



58 



FP04-0029- 



Fig. 14 (b), the pulse signal LS turns from the "-P" 
level to the "a" level (cf. Fig. 14 (c) ) . when at a 
time t3 the PWM signal PS turns from the high level to 
the low level (cf. Fig. 14 (b) ) , the pulse signal LS 
turns from the "a" level to the "-P" level (cf . Fig. 14 
(c)). Namely, the pulse signal LS provides the output 
signal with the level value of "a" during a period in 
which the PWM signal PS is at the high level (e.g., a 
period between times tl and t3) , but provides the 
output signal with the level value of "-P" during a 
period in which the PWM signal PS is at the low level 
(e.g., a period between times t3 and t5) . 
[0126] On the other hand, when at the time tl the 

pulse signal LS turns from the "-p" level to the ^a" 
level (cf. Fig. 14 (c) ) , the estimated current signal 
PC increases its level by the "a" level every rise of 
the master clock MC (e.g., times tl, t2) (cf . Fig. 14 
(d)). When at the time t3 the pulse signal LS turns 
from the "a" level to the "-p" level (cf. Fig- 14 (c) ) , 
the estimated current signal PC decreases its level by 
the "p" level every rise of the master clock MC (e.g., 
times t3, t4) (cf. Fig. 14 (d> ) . In this manner, the 
estimated current signal PC increases its level value 
by the -ex" level every rise of the master clock MC 
during a period in which the PWM signal PS is at the 
high level (e.g., the period between times tl and t3) , 
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but decreases its level by the "P" level every rise of 
the master clock MC during a period in which the PWM 
signal PS is at the low level (e.g., the period between 
times t3 and t5) . 
5 [0127] This indicates that the DC/DC converter 1 

in the second embodiment is configured so that, with 
the PWM signal PS at the high level, the switching 
element 2 of the DC/DC converter 1 is turned on to 
increase the current flowing through the inductor 4, by 

10 the slope "a" and so that, with the PWM signal PS at 

the low level, the switching element 3 of the DC/DC 
converter 1 is turned on to decrease the current 
flowing through the inductor 4, by the slope "p." 
[0128] The flow of signals in the PWM signal 

15 generating circuit 40 of the controller IC 7B will be 

described below with reference to the timing chart 
shown in Fig. 15. Fig. 15 (a) is an illustration 
showing the waveform of the control signal CS outputted 
from the multiplier 31 of the controller IC 7B. Fig. 

20 15 (b) is an illustration showing the waveform of the 

estimated current signal PC outputted from the 
calculation circuit 50 of the controller IC 7B. As 
shown in Fig. 15 (b) , the estimated current signal PC 
increases before an arrival at the value of the control 

25 signal CS shown in Fig. 15 (a), and turns to decrease 

after an arrival at the value of the control signal CS. 
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Fig- 15 (c) is an illustration showing the pulse 
waveform of the comparator signal CO outputted from the 
comparator 41. As shown in Fig. 15 {c) , the comparator 
signal CO is a signal outputted while alternately 
5 repeating the low level and the high level. Fig. 15 

(d) is an illustration showing the pulse waveform of 
the set signal SS generated based on the master clock 
MC of the DC/DC converter 1- As shown in Fig. 15 (d) , 
the set signal SS is a signal outputted while 

10 alternately repeating the low level and the high level 

at predetermined intervals. Fig. 15 (e) is an 
illustration showing the pulse waveform of the signal 
FS outputted from the RS flip-flop circuit 42. As 
shown in Fig. 15 (e) , the signal FS is a signal 

15 outputted while alternately repeating the low level and 

the high level. Fig. 15 (f) is an illustration showing 
the pulse waveform of the pulse width limiting signal 
PliS generated based on the master clock MC. As shown 
in Fig. 15 (f)^ the pulse width limiting signal PLS is 

20 a signal outputted while alternately repeating the low 

level and the high level at predetermined intervals. 
Fig. 15 <g) is an illustration showing the pulse 
waveform of the PWM signal PS outputted from the AND 
circuit 43. As shown in Fig. 15 (g) , the PWM signal PS 

25 is a signal outputted while alternately repeating the 

low level and the high level. 
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[0129] First, when at a time til the value of the 

estimated current signal PC reaches the value of the 
control signal CS (cf. Fig. 15 (a) and (b) ) , the 
comparator signal CO outputted from the comparator 41 
5 turns from the low level to the high level (cf . Fig. 15 

(c) ) . When the comparator signal CO turns from the low 
level to the high level (cf. Fig. 15 (c) ) , the signal 
FS outputted from the RS flip-flop circuit 42 is reset 
to turn from the high level to the low level (cf . Fig. 
10 15 (e)). When the signal FS turns from the high level 

to the low level (cf. Fig. 15 (e) ) , the PWM signal PS 
outputted from the AND circuit 43 turns from the high 
level to the low level (cf. Fig. 15 (g) ) . Namely, when 
the value of the estimated current signal PC reaches 
15 the value of G(Vr-Vo), the. PWM signal PS being the 

drive signal turns from the on state (high level) to 
the off state (low level) . 

[01301 When at a time tl2 the pulse width limiting 

signal PLS turns from the high level to the low level 

20 (cf. Fig. 15 (f)), the PWM signal PS outputted from the 

AND circuit 43 is forced to the low level (cf. Fig. 15 
(g) ) . Namely, the pulse width limiting signal PLS has 
a function of limiting an on period in which the PWM 
signal PS as a drive signal is kept in the on state 

25 (high level) . 

[0131] When at a time tl3 the set signal SS turns 
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from the low level to the high level (cf. Fig. 15 (d) ) , 
the signal FS outputted from the RS flip-flop circuit 
42 is set to switch from the low level to the high 
level (Cf. Fig. 15 (e) ) . When the signal FS turns from 
the low level to the high level (cf. Fig. 15 (e)), the 
PWM signal PS outputted from the AND circuit 43 turns 
from the low level to the high level (cf. Fig. 15 (g) ) . 
Namely, when the set signal SS turns from the low level 
to the high level, the PWM signal PS as a drive signal 
turns from the off state (low level) to the on state 
(high level) . 

[01321 Therefore, the PWM signal generating 

circuit 40 switches the PWM signal PS from the off 
state to the on state every turn of the set signal SS 
from the low level to the high level, and switches the 
PWM signal PS from the on state to the off state every 
time the value of the estimated current signal PC 
reaches the value of G(Vr-Vo) - 

[0133] In the DC/DC converter 1 in the second 

embodiment, as described above, the controller IC 7B is 
provided with the above-stated selector 32 to output 
the pulse signal LS with the predetermined level value 
("o- and "-p") corresponding to the output level of the 
PWM signal PS, whereby it can output the pulse signal 
indicating the slopes ("a" and "-p") in increase and in 
decrease of the estimated current - 
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[0134] Since the controller IC 7B is provided with 

the calculation circuit 50 composed of the high-pass 
filter 51 and integrator S2, the integrator 52 
integrates the pulse signal LS after the. removal of the 
DC component by the high-pass filter 51, whereby the 
estimated current signal PC after the integration can 
be prevented from diverging because of the influence of 
the DC component and whereby the error from the real 
current due to the influence of the DC conqponent can be 
niinimized. In this manner, the estimated current 
signal PC is generated without being affected by the DC 
component that can be the cause of error from the real 
current, whereby the estimated current can bie generated 
nearer to the real current. Accordingly, the 
controller IC does not have to be provided with the 
means for correcting the value of the estimated current 
signal to the real current value, which can achieve 
simplification of the configuration of the DC/DC 
converter 1* 

[0135] Since the drive signal is generated based 

on the estimated current signal closer to the real 
current, it becomes feasible to perform the control 
closer to the current mode control using the real 
current, whereby the DC/DC converter 1 required to have 
25 the quick response property can be made to perform 

stabler constant voltage control. 
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[0136] Since the DC/DC converter 1 according to 

the second embodiment is able to perform the stable 
constant voltage control based on the estimated current 
signal with less error as described above, it can 
perform the stable constant voltage control while 
minimizing the influence of error, even in applications 
to equipment that involves quick increase of load 
variation and that is required to have the quick 
response property, for example, like PC terminals 
configured to make transition from the power-saving 
mode to the normal mode, or the like. 

[0137] The second embodiment described a case 

where the calculation circuit 50 was composed of the 
high-pass filter 51 and the integrator 52, but the 
15 configuration of the calculation circuit 50 is not 

limited to this example. For exanqple, the calculation 
circuit may be constructed in one of circuit 
configurations as shown in Figs. 16 to 18- Fig. 16 is 
an illustration showing a detailed circuit 
configuration of a calculation circuit 50X integrally 
having the function of the first-order high-pass filter 
and the function of the integrator. The circuit 
configuration of this calculation circuit SOX herein 
does not include a circuit configuration of combination 
of the first-order high-pass filter and integrator 
separately provided in succession. The calculation 
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circuit SOX shown in Fig. 16 has a D flip-flop circuit 
50XA being a delay device, a multiplier 50XB with the 
xaultiplication coefficient of "b, " and an adder 50XC. 
This circuit configuration is implemented based on a 
transfer function H(Z) of the calculation circuit SOX 
represented by Eq (6) below. 

[01381 H{Z) = l/(l-b*Z-M (6) is a 

coefficient) 

[0139] This Eq (6) is obtained by multiplying the 

transfer function Eq (5) of the aforementioned first- 
order high-pass filter by the transfer function Eq (4) 
of the integrator. 

[0140] Fig. 17 is an illustration showing a 

detailed circuit configuration of another calculation 
circuit SOY as an integration of a second-order high- 
pass filter and an integrator. The calculation circuit 
50Y shown in Fig. H has D flip-flop circuits 5GYA-50YC 
being delay devices, a multiplier 50YD with the 
multiplication coefficient of "bl+b2," a multiplier 
50YE with the multiplication coefficient of "bl*b2, " 
and an adder SOYF. This circuit configuration is 

implemented based on a transfer function H(Z) of the 

calculation circuit SOY represented by Eq (7) below. 

101411 H(Z) = (l-Z-^)/[(l-bl*Z-M (l-b2*Z-M] 

(7) (bl and b2 are coefficients) 

[01421 This Eq (7) is obtained by multiplication 
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of the transfer function Eq (3) of the aforementioned 
second-order high-pass filter by the transfer function 
Eq (4) of the integrator. 

[0143] Fig. 18 is an illustration showing a 

detailed circuit configuration of still another 
calculation circuit 50Z having first-order high-pass 
filters 51S and an integrator 52. As shovm in Fig. 18, 
the integrator 52 is interposed between the two first- 
order high-pass filters 51S, receives a signal 
outputted from one first-order high-pass filter 51S, 
and outputs a signal after multiplication in this 
integrator 52 to the other first-order high-pass filter 
51S. A delay device 52A shown in Fig. 18 is shared by. 
the integrator 52 and the first-order high-pass filter 
SIS disposed on the output side of the integrator 52. 
This circuit configuration is implemented based on the 
transfer function of the first-order high-pass filter 
represented by Eq (5) above and based on the transfer 
fxinction of the integrator represented by Eq (4) . 
[0144] The embodiments of the present invention 

were described above, but it is noted that the present 
invention can be embodied in a variety of forms, 
without having to be limited to the above embodiments. 
[0145] For example, the controller was constructed 

of the digital circuit (hardware) in the embodiments, 
but each of the means in the controller may also be 
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configured so as to be implemented by a program 
(software) loaded on a microcoiaputer or the like. The 
program to implement each means may also be distributed 
by recording media such as CD-ROM and othexs, or by 
5 delivery through the Internet or the like, or 

distributed as a control unit installed in a computer. 
[0146] The present invention was applied to the 

DC/DC converter in the embodiments, but the. present 
invention is also applicable to AC/DC converters and 

10 DC/AC converters. The present invention was applied to 

the non- insulating and buck type converter without a 
transformer in the embodiments/ but the present 
invention is also applicable to insulated converters 
with a transformer and also to boost type or t>uck/boost 

15 type converters - 

[0147] The present invention was applied to P 

control in the embodiments, but the present invention 
is also applicable to the other controls including PI 
control and PID control. 

20 [0148] In the first embodiment the means for 

extracting the DC component was conqposed of the first- 
order low-pass filter of the IIR type, but it may also 
be cosmos ed of any other low-pass filter such as a 
second-order low-pass filter or the like, or may be 

25 comprised of any other circuit than the low-pass 

filter. 
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[0149] In the first embodiment the signal to reset 

the DC component was defined as a reset signal of the 
period equivalent to ten cycles of the PMM signal (ten 
switching cycles), but the period may be set to be the 
other number of cycles than ten cycles of the PWM 
signal or it does not have to be an integral multiple 
of cycles of the PWM signal as long as the period is 
sufficiently longer than the period of the master 
clock. In cases where the reset signal is not set to 
be an integral multiple of cycles of the PWM signal, 
the reset signal is set on the basis of cycles of the 
master clock or the like. In the embodiments the 
ntamber of cycles of the PWM signal was counted on the 
basis of the PWM signal, but it may also b.e counted by 
use of the set signal or the like. 

[0150] The first embodiment employed the separate 

configuration of the A/D converter and the controller 
IC, but it is also possible to adopt a configuration 
wherein the A/D converter is incorporated in the 
controller IC. 

[0151] The present invention has achieved the 

technology of estimating the inductor current on the 
basis of the drive signal, removing the DC component 
from the estimated current, and intermittently 
resetting the DC component, thereby enabling the 
current mode control without need for the means for 
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detecting the inductor current flowing in the switching 
power supply circuit. 

(01521 The present invention has achieved the more 

simplified configurations of the switching power supply 
in digital control. 
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